Patients living with human immunodeficiency virus (HIV) infection who are treated with highly active antiretroviral therapy (HAART) often experience metabolic changes that have an adverse effect on their overall health status. This review will assess the effect of aerobic exercises on the lipid profile of individuals with HIV infection undergoing HAART. Cochrane Library, MEDLINE, CINAHL (Cumulative index to Nursing and Allied Health Literature), OVID, ProQuest, AMED (Allied and Complementary Medicine Database), PsycINFO, Web of Science Core Collection and Pedro databases will be searched until June 2018. Studies that investigated the effects of aerobic exercises on the lipid profile of HAART treated patients with HIV will be included. Two reviewers will screen all articles for eligibility and independently evaluate the risk of bias, complete quality assessment and extract data for all included articles. Homogenous quantitative outcome data will be analyzed using a random effect model of meta-analysis with results presented as relative risk for dichotomous variable and standardized mean for continuous variable. Heterogeneous qualitative data will be analyzed using narrative synthesis. This systematic review will provide evidence about the effectiveness of aerobic exercises in managing HAART related dyslipidemia in patients with HIV infection and thus provide the impetus for more structured exercise interventions.
INTRODUCTION
The advancement in the use of highly active antiretroviral therapy (HAART) has significantly reduced morbidity and mortality in the population of people living with human immunodeficiency virus (HIV) infection (Palella et al., 1998) . However, HAART which is the current standard treatment for HIV have been associated with several deleterious side effects of which lipid profile disorders is one (Carr et al., 1998; Schambelan et al., 2002; Souza et al., 2013) . Symptoms of these side effects usually includes hyperlipedemia (i.e., increased triglycerides, low density lipoprotein), decreased high-density lipoprotein cholesterol (HDL-C) among others (Anuurad et al., 2009; Thompson et al., 2011) . Lipid abnormalities such as low HDL-C is a widely recognized independent predictor of cardiovascular diseases in patients living with HIV (Kelesidis et al., 2013) .
Aerobic exercise trainings have been reported to have mitigating effect on the metabolic changes that emanate from treatment with HAART (Katzmarzyk et al., 2003) . Evidence has shown that physical activities that expend 1,200 to 2,200 kcal/wk are often effective at increasing HDL-C levels from 2 to 8 mg/dL, decreasing triglyceride (TG) levels by 5 to 38 mg/dL, decreasing total cholesterol and low-density lipoprotein (LDL) (Ahmed et al., 2012) . To date, evidence on the effectiveness of aerobic exercise training as a single exercise regime in management of HAART-related dyslipedemia is lacking. As a result, there are disagreements pertaining interventions centered on using aerobic exercises as a management strategy. Therefore, systematically evaluating evidence on the effectiveness of aerobic exercise in mitigating the effect of HAART on the lipid profile of patients with HIV infection is warranted.
This systematic review is therefore aimed at determining the effectiveness of aerobic exercises in the management of HAARTinduced dyslipedemia in patients living with HIV. Specifically, the objectives are: (a) to determine the effect of aerobic exercise in mitigating the side effects of HAART on serum lipids of patients with HIV infection, and (b) to determine the effect of aerobic exercises in improving the overall quality of life of HAART-treated patients with HIV infection.
MATERIALS AND METHODS

Design
The systematic review and subsequent network of meta-analysis will be conducted following the method outline in the Preferred Reporting items for systematic reviews and Meta-Analyses Protocol (PRISMA-P) 2015 guidelines Shamseer et al., 2015) . Studies meeting the broad eligibility criteria will be included and described. The studies that meet the narrower criteria will finally be reviewed and described.
Eligibility criteria
The following eligibility criteria will be applied in selecting studies.
Inclusion criteria
1. Language: Only papers published in English language will be included. 2. Subjects: Adults (≥18 years old) with HIV infection receiving HAART will be included. 3. Interventions: Aerobic exercise intervention, defined as physical activity of low to high intensity requiring free oxygen and utilization of oxygen to sufficiently meet energy demands during exercise through aerobic metabolism (Pang et al., 2006) . No particular restriction will be considered as regarding a particular form of aerobic exercise and its FITT parameter (frequency, intensity, time, and type). Multifactorial interventions that combines aerobic exercise with other interventions such as medications, nutrition, health education will be included provided the effect of the aerobic exercise can be determined. 4. Study setting: No particular restriction will be drawn regarding settings of studies to be included. Therefore, studies conducted in clinics, health centers, rehabilitation homes, hospitals or community settings will be included. 5. Study designs: Randomized clinical trials (RCTs) and nonRCTs including quasi-RCTs, controlled clinical trials (crossover trials), before and after trials (controlled and noncontrolled) that investigated the effects of these interventions will be included. 6. Comparators/control: Any type of control will be included.
Intervention studies devoid of control groups will equally be included. 7. Outcomes: Primary outcome measure will be blood/serum lipid profile. Secondary outcome will include quality of life measured with generic validated tools. Definitions of outcomes will be extracted as reported in the included studies.
Exclusion criteria
Article will be excluded if; 1. The interventions did not include any form of aerobic exercise. 2. It is an opinion paper, case reports, any reviews (systematic, scoping or narrative). In a case where authors published several articles using the same data set, only the article with a more comprehensive data will be included in this review.
Search strategy
The strategy for identifying relevant literature has been developed and piloted in consultation with a health-research librarian (Appendix 1). The search strategy was developed based on the instructions in Cochrane handbook for systematic reviews of interventions (Higgins and Green, 2011) and the center for review and dissemination recommendation for health care review (Akers et al., 2009) . A search of bibliographic databases and will be carried out with the search strategy; searches will involve a combination of terms of medical subject headings (MeSh) and keywords in the title, abstract and text for the population, intervention, comparison and outcomes.
Multiple database including Cochrane Library, MEDLINE, CI-NAHL (Cumulative index to Nursing and Allied Health Literature), OVID, ProQuest health and medical complete, AMED (Allied and Complementary Medicine Database), PsycINFO, Web of Science Core Collection and PEDRO (Physiotherapy Evidence da-tabase) will be searched to identify the appropriate articles. In addition, hand searching of the reference list of the identified studies, conference proceeding, directory of open-access repository websites and trial register (e.g., http://www.clinicaltrial.gov, http://www.opendor.org) will also be searched.
Study selection
Two independent review authors will do the study selection on the basis of the study eligibility criteria. First, all results will be collected, and duplicates removed using Refworks, subsequently Covidence (Covidence, Melbourne, VIC, Australia) will be utilized to manage articles throughout the screening and study selection process. Second, all titles and abstracts will be independently screened by two review authors and possible relevant articles will be then reviewed independently in full-text. A third review author will resolve any possible inclusion disagreements. The level of agreement on study eligibility will be tested using the kappa statistics and 95% confidence interval (CI). Furthermore, authors of studies will be reached through a round of three email attempts, to elucidate any problems that relates to including a study especially when a decision could not be made based on available information. In the case of no response from the author, the study will be excluded and the reason for exclusion reported. A flow chart (PRIS-MA diagram) will be utilized to trace the overall process.
Quality appraisal for included studies
The risk of bias in the selected studies will be assessed by two author reviewers using the Cochrane Collaboration risk of bias tool (Higgins and Green, 2011) . Each of the included studies will be assessed and graded as 'high risk' or 'low risk' as recommended by Moher et al. (2015) . Studies will be subsequently rated as trials with low quality (i.e., having high risk of bias) or trials with high quality (i.e., having low to moderate risk of bias) if there were three or more, or fewer than three recognizable sources of bias respectively.
Data collection processes
The Cochrane Consumers and Communication Review Group Data Extraction Template will be utilized for the purpose of data extraction from included studies (Cochrane Consumers and Communication Review Group, 2007) . Two reviewers will carry out the extraction of data independent of each other. Any disagreement during data extraction will be tackled in research meetings including the last review author in attendance.
Data items
The following variables will be collected from the included articles: (a) the article meta data including authors name, principal author's country, study setting, study purpose; (b) participants' characteristics such as age, gender composition; (c) study methodology including sample size, sampling method, number of participants enrolled, number of participants included in the analysis; (d) interventions including type of aerobic exercise, exercise parameters-FITT, length of intervention and follow up, characteristics of the exercise coach primary and secondary outcome measures and tools; (e) information on HAART intake and; (f) Data analysis method, findings, recommendation and conclusions.
Outcomes and prioritisation
The primary outcome will include serum concentration of lipids (HDL-C, LDL-C, total cholesterol, and TGs). This is chosen as the primary outcome as serum lipid profile may be relevant across conditions that are HAART-induced, potentially enabling a meta-analysis. Also, this review aims at identifying the effect of aerobic exercise intervention on serum lipids, thus reducing the risk of cardiovascular events in HAART-treated patients with HIV infection. Secondary outcome will include quality of life. The secondary outcome was selected because it plays a major role in the overall health status of patients with chronic conditions. For crossover trials, data will be extracted from the first period only to avoid a cross-over effect.
Risk of bias assessment in individual studies
The risk of bias for each of the intervention studies will be assessed using The Cochrane Collaboration Tool for Risk of Bias Assessment (Higgins and Green, 2011) . A calibration meeting between two author reviewers will be done to ascertain the risk of bias of the included studies. Each of the review authors will independently examine the risk of bias in all the included articles with the Cochrane Collaboration Tool for Risk of Bias Assessment in these six key domains: (a) selection bias (random sequence generation and allocation concealment); (b) performance bias (blinding of personnel and participants); (c) detection bias (blinding of outcome assessments); (d) attrition bias (incomplete outcome data); (e) reporting bias (selective reporting); and (f) other bias (other sources of bias not addressed elsewhere). At the end of the assessment, each article will be categorized as 'high risk' or 'low risk.' When the risk of bias is reported as 'unclear' or as 'inadequate,' the author(s) of the article(s) will be contacted to clarify confusions or provide more information needed to take a stance on the status of bias in their work. Any disagreement between the two review authors concerning the risk of bias assessment will be discussed in a research meeting. Quality appraisal of the included studies will only be done after study selection has been completed, and during data extraction and synthesis. The strength of evidence for the findings of the review will be subsequently reported.
RESULTS
Data synthesis and analysis, including assessment of heterogeneity
The question of the effect of aerobic exercise intervention will be answered. In doing this, the review will examine, present, compare and pool in an evidence table study results on the effectiveness of intervention first on the primary outcome and followed by the secondary outcome. The effectiveness of aerobic exercise interventions will be established by conducting a meta-analysis of the effects (Pluye and Hong, 2014) . Narrative synthesis will be employed when data from studies cannot be analyzed statistically.
Statistical analysis
The primary outcome will be analyzed before the secondary outcome. In case of a significant heterogeneity of study characteristics including diverse population studies, clinical characteristics of participants, diverse populations studied and intervention, study methodologies (study designs, statistical strategy, and outcome used), the heterogeneity will be assessed using the Cochran X 2 test, and further quantified using of I 2 (Egger et al., 1997 ). This will guide our decision-making in the choice of effect model of meta-analysis to employ in this review. A meta-analysis using a random effect model will be used to pool together the data if the studies are homogenous in the study design and comparator (Higgins and Green, 2011) . Narrative synthesis will be employed in analyzing and interpreting other heterogeneous studies following the recommendation of Centre for Reviews and Dissemination (Higgins and Green, 2011) , specifically to explore the relationship in findings between and within the studies included.
In carrying out meta-analysis, the statistical approach will be to compare the absolute change in means to the baseline (and the 95% CIs) proceeding intervention or with variation in the control groups where baseline data are available. Otherwise, the relative percentage changes between post intervention values in the intervention as well as control groups are compared. The risk of the outcome in the intervention group will be compared with the control group, with a risk difference calculated from the absolute difference between the treatment and control groups, or the relative risk (or equivalents) for outcome measures that are categorized as dichotomous. All adverse effects reported in the studies included will be reported. The continuous outcomes will be evaluated using the weighted mean difference or the standardized mean difference when different measurement scales are utilized to evaluate outcome. Review Manager (RevMan 5, Cochrane Collaboration, Oxford, UK) will be utilized for data analysis.
Sensitivity analysis
A subgroup analysis will be employed to study the potential influence on the treatment effect direction if many included studies had significant heterogeneity of study design, intervention type and setting. This will only be carried out if there are more than two studies, and not less than two of them are homogenous subset. Subgroup analysis will be limited to the primary outcome-serum lipid profile.
Publication bias/meta-biases
The funnel-plot for asymmetry and the Egger regression test (Egger et al., 1997) will be used to access the metabias. To achieve this, data from studies published only as abstracts will be included in the meta-analysis to see if they influence the direction of effect size.
Confidence in cumulative evidence
The quality of evidence of the included studies will be evaluated to determine the confidence in cumulative estimates in the systematic review. The GRADE (Grading of Recommendations Assessment, Development and Evaluation) will be utilized in judging the quality of evidence of the included studies (Guyatt et al., 2008) . The quality of evidence will be assessed across the various domains: risk of bias, consistency, directness, precision and publication bias. Studies will be rated as (a) 'high quality' -where further research is unlikely to change the effect estimates, (b) 'moderate quality' -where further research is likely to have an important impact on the effect estimates or change the estimate, (c) 'low quality' -where further research is very likely to have an important impact on the effect estimates and change the estimate or, (d) 'very low quality' -where the estimate of effects is very uncertain.
Reporting of the review
The systematic review will be reported in synchrony with the PRISMA statement (Liberati et al., 2009 ). Reporting will be adapted to facilitate the inclusion of all items relevant to the review. A PRISMA checklist will be published alongside the final report.
Potential amendments
Given that quantitative studies are often influenced by publication bias, amendments will not be made on this review protocol because of the findings from the included studies. However, when it appears very justifiable to amend, such amendment(s) will be reported and implemented by the primary author. If amendment is necessary, a detailed report with reasons for amendment will be provided.
Ethics
The systematic review will involve data from already published studies, hence, ethical approval is not applicable.
This protocol was registered with the International Prospective Register of Systematic Reviews (PROSPERO, CRD42018091584).
DISCUSSION
Treatment involving the use of HAART in patients with HIV infection has been associated with increased risk of cardiovascular disease (CVD), due to altercation of metabolic processes leading to side effects such as lipodystrophy (abnormal fat displacement), hyperlipidemia (i.e., increased TGs and total cholesterol), decreased HDL-C among others (Jaggers et al., 2013) . Extensive research has established the benefits of exercise as an appropriate intervention for reducing many modifiable risk factors of CVD, including a number of those that are elevated following HAART treatment (Jaggers et al., 2013) . This systematic review will provide evidence to verify the hypothesis that aerobic exercise interventions can mitigate the adverse effects of HAART on serum lipid profile. The conclusion will stem from a synthesis of quantitative measurement of lipid profile parameters outcomes following aerobic exercise interventions. When done, the likelihood that the review will provide a coherent and reliable conclusion will depend on the quality and the quantity of evidence available in this subject matter. However, the review will elucidate the available evidence base on the effect of aerobic exercise intervention on HAART related dyslipidemia and provide impetus for use in a patient-centered care.
